The purpose of the present study is to determine if a relation exists between dark adaptation measurements and the level of vitamin A and total carotenoids in the blood plasma, in normal subjects and in patients with cirrhosis of the liver.
It has been established that the retina's ability to adapt to the dark depends upon an adequate supply of vitamin A from the diet. The evidence has been reviewed, by Wald and his co-workers (1) , and by Hecht and Mandelbaum (2) . Although failures to observe any influence of vitamin A intake upon dark adaptation have been recorded (3 to 5), other studies of experimental vitamin A deficiency (1, 2, 6 to 10) have shown that the visual threshold at complete dark adaptation can be elevated greatly by reduced vitamin A intake. In the latter studies the rate of dark adaptation remained unaltered.
It has been shown previously (11 to 15) that patients with cirrhosis of the liver may have greatly delayed dark adaptation, with or without elevation of the final threshold. Since in these patients the response to vitamin A therapy was characterized by an increase in the rate of dark adaptation and a decrease in the final threshold (when originally high), it was concluded that there exists in cirrhosis of the liver a disturbance of vitamin A metabolism which differs from ordinary vitamin A deficiency.
It also has been shown that low values for vitamin A are found in the plasma and liver of experimental animals with vitamin A deficiency (16, 17) . Moreover, the livers of rats with carbon tetrachloride cirrhosis have been shown to contain only half the amount of vitamin A present in the livers of normal animals fed the same quantity of food and of vitamin A (18) . Likewise, in patients with cirrhosis of the liver, low values for vitamin A are found in both the circulating plasma (19 to 22) and in the liver tissue at autopsy (22 to 26). Since both dark adaptation and the level of plasma vitamin A are related directly to the state of nutrition with reference to vitamin A, it seemed reasonable to expect a degree of correlation between the two types of measurement.
METHODS
The apparatus and the technique here employed for measuring the dark adaptation function have been described elsewhere (12, 27, 28) . The intensity of the white pre-adapting light was 6,000 millilamberts, and was viewed by the subject with the right eye for 3 minutes. The test light, a flash of 02 second duration, passed through a violet filter (Corning No. 511). The retinal region tested was a circular area whose diameter subtended a 2°visual angle and was located 50 nasally to the fovea of the right eye of the subject. Both the preadapting light and the test flash were viewed through a 2 mm. artificial pupil placed at a distance of 3 mm. before the cornea of the subject.
The plasma level of vitamin A and total carotenoids were determined by a modification of the method described by Kimble (29) . It was found that shaking the plasma sample for 15 minutes with the ethanol before adding petroleum ether insured more complete precipitation of the proteins and more thorough extraction of the vitamin A and carotenoids. It was also discovered that using the chloroform and the antimony trichloride solution at a low temperature (circa 100 C.) delays the development and fading of the blue color of the vitamin A-SbCl, reaction sufficiently to permit several readings before the maximum density is attained and passed, thus making possible a more exact estimate of the maximum value. The densities were measured in a Bausch and Lomb spectrophotometer. The vitamin A and carotenoid levels were expressed as international units (I.U.) and micrograms (ugm.), respectively, per 100 ml. of plasma.
Whenever a sufficient quantity of plasma was available, duplicate determinations were made.
All of the patients received highly nutritious diets which were estimated from food tables (30) Table I . (29) and by Murrill and his co-workers (32 (33) , by a procedure which was calibrated against the present technique, the mean level of vitamin A in the blood of infants between 3 weeks and 6 months of age was found to be 74 I.U. per cent, that for infants between 6 and 18 months of age 110 I.U. per cent, and that for children from 6 to 12 years of age 117 I.U. per cent. When the mean of 198 I.U. per cent here obtained on adult subjects is added to this series, it is apparent that the level of plasma vitamin A rises significantly with increasing age up to the adult level.
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DISCUSSION
When the several groups of subjects are regarded as a single population, the data of Figure  2 show that the higher dark adaptation values tend to be associated with the lower vitamin A values, suggesting a degree of correlation between the two variables. This effect is more marked in Figure 2A (adaptation time) than in Figure 2B (final threshold). When, however, the data of the cirrhotic and normal groups in this figure are regarded separately as distinct populations, they show an essentially random distribution. Within either of these clinical categories, therefore, no correlation is apparent between the plasma vitamin A level and either parameter of the dark adaptation function.
Since the data of the several groups are not randomly distributed over the same range of values, it is apparent that the correlations arise from a tendency of the data to group themselves according to the separate clinical categories, the cirrhotics being at one end of a series and the normals at the other. This tendency for patients with cirrhosis of the liver to have higher dark adaptation and lower plasma vitamin A values than normal controls has been previously observed (22) . However, in the previous study the dark adaptation and vitamin A values were not measured simultaneously.
Similar correlations between dark adaptation measurements and the plasma vitamin A level have been reported previously by others. It is possible that these correlations, like those of the present data, are attributable to other factors rather than to a direct dependence of the retina upon the level of vitamin A in the blood. In the studies by Lindqvist (20) , Pett and Evidence that the retinal supply of vitamin A may be largely independent of the level of the vitamin in the blood is provided by the observations of Lewis perimentally to be an index of the amount of the vitamin stored in the liver (16, 17) . Thus, the two types of measurement probably record quantitative variations in two quite different aspects of vitamin A metabolism.
SUMMARY
Measurements of dark adaptation upon 37 normal persons revealed no sex differential. In determinations of the plasma vitamin A and total carotenoid levels in 44 normal persons, the mean vitamin A level for the women was found to be 14 per cent lower than that for the men, while the mean carotenoid levels were the same in the two sexes.
Sixty-seven simultaneous dark adaptation and plasma vitamin A and carotenoid measurements were obtained in 14 normal persons, 18 persons with cirrhosis of the liver, and 7 persons with various other chronic diseases. Within the cirrhotic and normal groups, separately considered, no significant correlations were observed between the plasma vitamin A or the plasma carotenoid levels and the dark adaptation values. When all of the normal and abnormal subjects were grouped together as a single population, however, a degree of correlation between the dark adaptation measurements and the vitamin A values became apparent. This relation was interpreted as arising from differences peculiar to the several diagnostic groups studied, rather than from a causal relation between the level of vitamin A in the blood and the rate and extent of dark adaptation. 
